INTRODUCTION AND BACKGROUND
Product support is the form of assistance that companies offer customers to gain maximum value from the product. Product support creates additional values for customers and manufacturers/ service providers alike. Product support appears to be important for industries where the equipment is complex, where it fails frequently or has serious failure consequences (high risk) [1] . Therefore, product support is closely related to maintenance and operations, as well as customer's logistics and inventory system.
Product support can be classified into 1) services to support product and 2) services to support customers. Services to support the product relate to the traditional aftersales service such as spare part provision, expert assistance to resolve problems, etc. This kind of support is explicitly related to product weaknesses not possible to design out, either of cost or technical related constraints. Services to support the customer are services that enhance the client's actions in relation to the product. Such services demand intimate knowledge of the customer's operations and how the service will support the core business activities. This kind of service focuses on assisting the customer to take maximum advantage of the product purchased. It includes services such as advanced training of operations and maintenance personnel, evaluation of operations and maintenance strategies, assessment of performance and productivity, etc. The literature survey shows that relatively little has been done to analyze the importance of service to support customers on product performance. It is reported that the strength of the relationship with the customers is closely linked to the ability to develop services to support the customers [2] . As products become more advanced and complex, many manufacturers find themselves supplying more services related to product exploitation, maintenance, modifications, and upgradation. For many manufacturers the support services provide a source of long-term revenue. The support services are also important to achieve customer satisfaction, loyalty, and customer retention (see also [3] ).
Even though the quality and reliability of many product components and sub-systems have improved and become less prone to failure, the increased complexity has resulted in increased demands with respect to skills and capabilities of operations and maintenance personnel. Additionally, an advanced product/system may be composed of various combination of mechanical, electrical, electronics, and maybe hydraulic or pneumatic parts and subsystems. Such products/systems are often monitored and controlled by advanced sensors and software to facilitate failure diagnosis and investigation of possible causes for reduced performance.
High performance is dependent on reliability, maintainability, supportability, and support to customers. As products become more advanced and complex, it often becomes more difficult to operate, diagnose failures, repair and/or restore failures. Services to support products are often influenced by a product's RAMS characteristics. Many of these characteristics can only be improved through better design. Therefore, it is of utmost importance to consider and integrate RAMS tools and methods into design work processes so that the best design alternatives can be selected.
However, little has been published on how to integrate the application of these tools/ methods/ models into the work processes that create and make the products [4, 5] . The notable exceptions are Blanchard and co-workers [see e.g. 6-8], Dhillon [9, 10] Moss [11], and Thompson [12] . These authors focus on the application of tools and methods in design analysis and synthesis. Design influences repair and maintenance, training and upgradeability, as well as performance effectiveness/ efficiency, and cost aspects.
The product and the work processes are interrelated and complementary activities, not exclusive. Similarly, customers should not be seen as passive recipients of products and services, but rather as reactive, proactive, and interactive partners in a performance and profit enhancement process. In the development and exploitation of advanced complex industrial products, the manufacturer and the customer enter a long-term relationship with the goal of taking advantage of each other's strengths to increase competitiveness and to better manage the value stream. In this respect, the development in communication and information technology has opened up new avenues for collecting data, information, and knowledge, as well as new possibilities for information distribution and to communicate across distances in a much more effective and efficient way than ever thought possible.
However, even though the communication and information sharing process have become faster and more reliable, little is done with respect to integrating approaches for reducing life cycle costs during the design phases. It also shows that the concept of product support has many dimensions that open up new opportunities for manufacturing companies, and that product support is closely related to product design characteristics. Manufacturing companies needs to take steps to improve the design process with respect to product support and avail the opportunities.
Based on a case study in manufacturing company, this paper examines issues related to dimensioning of product support for advanced industrial products on the basis of a case study conducted in a manufacturing company that produces automated production line systems. The paper is based on a PhD Thesis work of Markeset [5] .
The main objective of this research study is: to map, study, and analyze factors/ parameters/ issues influencing product support strategy for industrial products and to explore measures to control them.
The sub-objectives includes: • Study and analysis of factors influencing maintenance and product support concepts.
• Investigation of issues related to RAMS integration in design processes.
• Examination of product support practices in the industry to provide services to support products and to support customer actions related to the products.
The focus of our study was to the answer to the following questions addressing discrepancies between practice and theory:
• How does product support strategies affect business practices in the manufacturing sector? • What factors, knowledge, and information do affect dimensioning of product support? • What is the most appropriate life cycle phase for dealing with the product support problem? • Are there differences between services to support the product and services to support the customer? How do these services relate to the product and the design process? What possibilities exist for the manufacturer and customer to benefit from the two types of services?
Based on the principal research questions, the scope of this thesis was to study the support issues of advanced industrial products with high demands on performance, output quality, and availability.
Acronyms

RAMS
Reliability, Availability, Maintainability and Supportability 
APPROACH AND METHOD
The participatory action research case study technique seemed especially suitable as a research approach since we planned to participate in an organizational process in change, and since the researcher besides being an observer also partially would act as a change agent. See Ref. [13] [14] [15] for further discussions for such research approach.
Research Object: The Company Studied
The company investigated is part of a large (175,000 employees) industrial group of companies with regional offices worldwide. At the time of the study, the manufacturing company had about 250 employees. They produce various types of advanced, customized, and integrated production systems. The systems incorporate mechanical parts and subsystems, are powered by electrical motors, and are controlled by advanced software solutions, electronics and various sensors. The systems are designed for a 50,000 hours service life.
The systems are typically used in production lines where function capability, uptime, capacity, and quality are of utmost importance. The need for maintenance is most often impossible to design out of such systems due to costs and/or technological constraints. In addition, operation and maintenance demand advanced skills (and hence advanced training), both in respect to being able to utilize and exploit built-in capabilities, to diagnose impending failures, and/or to repair/restore actual failures, as well as to create performance prognosis. Moreover, often the systems require original spare parts and expert assistance from the manufacturer.
Normally, the customers purchase a system to fit into their own production line from the group's closest regional office. The regional office purchases the systems from the manufacturer and integrates it into the customer's production system. Both during the product acquisition and exploitation phase, the customer mainly interacts and communicates with the regional office. However, if they are not able to resolve the problems, the customer communicates with the manufacturer directly. During the product exploitation phase, customers often interacts with the regional office, but frequently they also need to interface directly with the manufacturer to solve complicated and complex problems.
Data Collection, Sampling, Analysis, and Verification
To ensure reliability and confirmation of findings, it is recommended to collect data and information using several sources and methodologies. The use of focus groups, documentation, archival records, interviews, direct observations, and participant observations are some of the possible techniques. In this study evidence was collected by the use of informal interviews, focus group surveys in the form of questionnaires, data and information collection and analysis, discussions with employees and external specialists, and by participation in projects and meetings. In the preliminary case study, the focus was on collection of qualitative information and data (e.g. questions regarding degree of integration of failure statistics, degree of focus on customer needs, etc.). In the main study, the questionnaire contained both qualitative and quantitative questions (e.g. number of databases are used, number of employees using them, etc.). To get a holistic view of the company we selected employees from many departments and groups to participate in the survey. Many of them were department managers, group managers, or specialists within the groups. We attempted to involve the employees performing the work as well as the employees managing the work processes. This was undertaken to provide insight as well as holistic understanding of the issues involved. By involving senior management, we expected to get more focus and support of the management.
In the preliminary study, 22 employees were invited to participate in the employee survey. However, only five employees answered. Nine employees participated in a meeting discussing the project topics. The response rate was affected by various internal conditions and even by issues personal to the employees. This was partly expected as the company had just started to introduce RAMS technology in design. Detailed interviews in the form of guided discussions were held with specialists. In the main project phase, 51 employees participated in the study and 47 answers were received. In-depth interviews were conducted with 17 of them. Some of the employees preferred not to be interviewed. They instead submitted written answers to the questions in the interview guide. Both surveys included employees from all departments. Before creating either survey, time was spent to study literature and theory to frame and form the survey. The second survey included both a combined quantitative and qualitative section distributed among many employees, and a qualitative part performed in an interview setting.
SWOT analysis methodology was applied in both the preliminary and main study to organize and categorize information obtained from personnel. Simple descriptive statistical data analysis and ranking was performed on the quantitative data collected. The qualitative information obtained from interviews, surveys, discussions and documents, were analyzed, examined, recombined, and described to address the research topic and research questions, to build explanations, and to reveal patterns and gaps between theory and industrial practices.
Collecting and analyzing data from several sources confirmed and increased the reliability of the findings. The findings from phase one of the study were documented in form of a report where six new 'areas' were identified for further study. These were incorporated in the phase two of the study, together with some other topics. A report for the second phase was used as a basis for a workshop to which many of the participants were invited. The results were presented and discussed. In both case study phases, a reference group was constituted of the researcher, two professors, and three senior employees from the company to provide guidance and to check the validity of results. They further verified the accuracy of the evidence and that the results made sense. In both phases, we adjusted and rescheduled activities to make sure the project was focused enough to deliver better and relevant results. Most of the work are published and accepted for publication indicating industrial relevance and scientific contribution.
DISCUSSION OF RESULTS AND FINDINGS
The Need for Product Support: Support to Product and Service to Customer
Product characteristics and the type of product utilization (use environment, operational and maintenance skills, location of use, etc.) have a major influence on the need for product support.
The analysis of qualitative information collected from the company provides an overview of the approach adopted by the management to provide support to their customers. As a rule, the company provides assistance to their customers throughout the products' service life. In the earliest life cycle stages, support may be needed to assist customers to define and clarify product specifications and configuration for customized products. In the installation and commissioning phase, support such as expert assistance during testing and configuration, clarification of testing/commissioning documentation/ routines/ checklists, supply of tools and spare parts, etc. are provided to reduce time and to integrate the product in the production line more effectively and efficiently. In the exploitation phase, support is needed to operate the product correctly and within design constraint, as well as for diagnostics and prognostics. Support may also be needed to optimize operational, maintenance, and support strategies. At the end-of-life cycle phase, support may be needed to recycle or dispose, to remove or replace, to reengineer or sell. The support provided can be classified as 'hard' products such as spare parts, documentation, maintenance tools, etc., or as 'soft' products such as expert assistance or advice delivered to resolve problems related to specification, configuration, installation, testing, operation, maintenance, diagnostics, prognostics, upgrading, modification, and recycling/ replace/ reengineer. Such 'soft' services also include assistance in developing maintenance and operation strategy, advanced training of operations, maintenance, and logistics personnel, as well as productivity and performance assessments.
Many of the services identified were by the company described as 'fire fighting' efforts/activities to resolve problems. It indicates a 'restoration of customer satisfaction' process, implying that it has an impact on market goodwill as well as customer satisfaction. The product the customer buys is more than the 'hard' products; it also includes compensating services related to product weaknesses, and to customers' skills, knowledge, and preferences.
It was noted that there is no specific strategy to differentiate between providing service to support the product and service to support the customer. At the company, these two different issues were more or less treated as a single issue. However, there is awareness that focused attention should be paid to provide the support and service to customers to enhance the usability and performance of the product. Figure 1 drawn on the basis of experiences, illustrates the effect of support to customer on enhanced product performance and usability. See Ref. [5] for details. 
Integration of RAMS into Design Work Processes
Design engineers in the company dealing with large large-scale projects and/ or in development projects use many of the RAMS methods where reliability and safety are important issues. The problem often encountered is that the RAMS methods and tools are not integrated into design work processes [16] . Many engineers use the methodology implicitly by attempting to design out known weaknesses, or to reduce the effect of weaknesses. However, they are not using the tools systematically to document weaknesses as well as improvements. This means that they do not have formal procedures for using them in various design phases. One reason for this is that many of the tools depend on field and experience data and information not readily available to the design engineer. The problem is often that the data and information is not collected systematically, that it exists in qualitative format at many locations and in many databases/information systems, and that it is not routed to the personnel that could use it.
We emphasize that the tools, methods, and necessary data need to be made easily accessible for the design engineers to succeed in reducing lead-time and costs. It is argued that integration of such tools and methods in the design phase in parallel to training of design engineers have the potential to reduce investment costs and lead-time, reduce ownership costs and increase product service life. The basis for this argument is the belief that costly and time consuming iterative work, normally identified and performed in the later stages of design, can be identified and addressed at a much earlier stage. This reduces the amount of rework and redesign [5, 16] . Thus, in short, design with respect to maintenance and RAMS should reduce costs and lead-time for the manufacturer, and increase service life and reduce LCC for the product owner.
During the course of study, the company has developed and implemented the use of a "RAMS information circulation systems" which describes the flow path for field and other relevant data and information to the design and field engineers as an aid to their work assignment [5] . The data and information is used in a FMECA design tool based on the FMECA methodology. The system is still in the process of development and has scope for improvements. The information in the system could also be used to improve documentation, testing procedures, and to serve as guidance for deciding warranty strategies, maintenance, diagnostics, as well as product modifications, and upgradation.
On the basis of our study we also identified a need for integrating the information and data used in the FMECA tool with the ERP, PDM, and TQS systems, as well as the various customer feedback systems, to facilitate updating of information. This would also improve the analysis of life cycle costs, and information flow for customers, regional offices, and sub-suppliers. It is observed that much information existing at regional offices rarely is routed back to the manufacturer. Many customers also have extensive maintenance records either in hard copy or in CMMS systems. Since the company uses many sub-suppliers to manufacture parts and components, information related to product and work process improvements, need to be distributed to them as well, as per specified needs.
Product Support Strategy: 'Functional Product' versus 'Conventional Product'
The study indicated that many customers are interested in purchasing only the performance of the function ('functional product') instead of buying, operating, and maintaining the equipment/ systems in a traditional/ conventional sense ('conventional product'). If customers will only buy the performance that the product delivers, profits will be directly dependent on the product performance. The company will not profit from services to support the product or to support the customer. Actually, the need for maintenance and product support would become a liability and cost. Thus, this trend can provide a strong incentive to improve the product and all associated processes, as well as to optimize the total life cycle cost considering the total business risks [17] . This will also facilitate easy product improvement, as company will be in control of operation and maintenance of its products. Therefore, the company can use knowledge and experiences gained in the exploitation phase more effectively (as they will operate and maintain the system themselves) to improve the existing and next generation product models. Focus will be on performance at the lowest costs.
In short, the product support strategy will be different for the 'functional product' compared to 'conventional product'. See Ref.
[17] for detail discussions.
CONCLUSION
The research study focused on dimensioning of product support for industrial products and presented an approach for dimensioning of product support in design stage based on a case study. Basic concepts of maintenance and support have been examined on the background of the research objectives and the case study. Issues, challenges, and opportunities related to dimensioning of product support are examined at depth.
Based on this research work, it can be concluded that it is essential to integrate RAMS issues early into design work processes to arrive at the best possible cost effective product support strategy for industrial products. However, the RAMS integration process in design is not easy, mainly due to non-availability of customer field data and work process complexities. The design related work processes can be considerably improved if RAMS information databases are integrated with design databases and other information sources. During the course of study we found that none of the design databases are integrated with customers' and product failure reporting databases, thus making it difficult to arrive at the best design alternative from a product support point of view.
We found that it is not enough to focus on services to support the product alone. Services to support the customers are equally important. Based on the study, we conclude that the strategy for the product support for functional products must be different from that of a conventional product. 
